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VISIBLE/NEAR- INFRARED SPECTROMETRY AMD ITS DEVICE 
TECHNICAL FIELD 

[0001] The present invention relates to visible/near-infrared 
spectrometry and its device for determining the components and 
characteristics of a sample specimen through spectral analysis 
and/or multivariate analysis of the absorption spectrum. 

BACKGROUND 

[0002] Recently, component analysis using visible and/or 
near-infrared light irradiated on a given sample to determine the 
wavelength or wavelength range absorbed by specific components in 
that sample has been conducted in various fields to determine the 
characteristics of those specific components. 

[0003] Such a process is achieved by injecting a sample into a 
quartz cell, then irradiating the cell with visible and/or 
near-infrared light in the wavelength range of 400 nm to 2500 nm 
and using the near-infrared spectrograph (e.g. NIRSystem 6500 
manufactured by Nireco Co . ) , and then analyzing the transmitted light 
and the reflected light, or transmitted/ reflected light (henceforth 
referred to as transmitted/reflected light) . 

[0004] Generally, near-infrared light is a low-energy magnetic 
wave which absorption coefficient is too small to be subject to 
scattering. It means that the use of such a low-energy magnetic wave 
does not alter nor damage the basic characteristics of the materials 
or sample under scrutiny. 

[0005] Therefore, relevant information can directly and 
immediately be obtained by detecting the spectral intensity of 
transmitted and reflected light and conducting multivariate analysis 
by using absorption rate data. 

[0006] Already disclosed, is the method of getting sample 
information by consecutively obtaining multiple spectra from light 
irradiation in the wavelength range of 400 nm to 2500 nm and/or a 
wavelength suitable to obtain the needed data for a specific sample. 
After the sample is irradiated, multivariate analysis of the water 
molecule peaks allows identification of the elements and provides 
the basis for the construction of model. (Patent document 1) 

[0007] Furthermore, multivariate analysis of the absorbance rate 
data of visible and/or near infrared light in water molecules 
provides a method for measuring the presence of somatic cells in 
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raw milk and, as a result, becomes an additional means of diagnosing 
mastitis in cows (Ref . e.g. Patent Document 2) . 

Patent document 1: Japanese Published Unexamined Application 

2002-5827 (Pages 1 to 9, FIG. 1) 

Patent document 2: International Publication WO01/75420 (Pages 1 
to 5, FIG. 1) 

DISCLOSURE OF INVENTION 
PROBLEMS TO BE SOLVED 

[0008] The conventional method uses visible and/or infrared 
spectrometry to obtain component information on the subject sample. 
That information is obtained by irradiating light in a wavelength 
range of 400 nm to 2500 nm, under various conditions and then detecting 
element peak changes of water molecules spectra due to the 
interaction between the water molecules present in the sample and 
target components in the subject specimen. Such a method has 
limitations as to what components are measurable and also as to 
measurement accuracy. 

[0009] The purpose of the present invention claims to present a 
visible/near-infrared spectrometry method and its devices to enable 
component identification at ultra-low concentrations using light 
in the wavelength range from 400 nm to 2500 nm and in real time. 
That feat has traditionally been difficult to achieve . The new method 
provides high-accuracy identification of a component and its 
characteristics, as well and provides precise information on the 
structure and/or functions of bio-molecules and their variations. 



MEANS TO SOLVE THE PROBLEMS 

[0010] A method of the present invention related to claim 1 in 
order to realize the above object is a visible/near infrared 
spectrometry comprising following steps of: 

irradiating a sample specimen with visible light and/or 
near-infrared light in the wavelength range from 400 nm to 2500 nm 
or in part of that range. 

analyzing the spectra of transmitted light, reflected light, 
and/or transmitted/reflected light obtained from the sample 
specimen; 

determining the presence and/or measuring the characteristics of 
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respective specific components present in said sample specimen, 
Wherein said method further comprises steps of; 
measuring spectra while giving perturbations by adding 
predetermined specific conditions to the sample specimen, 

building a model assuming that distinction of respective 
components and/or characteristics of the components can be measured 
by conducting spectral analysis and/or multivariate analysis. 
[0011] According to the previous claim 1, the invention makes it 
possible to establish a model of the correlations of transitional 
changes arising from specific perturbations, and the spectral 
response to those changes, a feat that has conventionally been 
difficult to measure. Furthermore, the method makes it possible to 
measure the concentration of specific components as well as granule 
diameter. 

[0012] In the invention related to claim 2, the invented method 
proceeds according to the following steps: 

irradiating a sample specimen with visible light and/or 
near- infrared light in the wavelength range 400 nm to 2500 nm or 
in part of the range; 

analyzing the spectra of transmitted light, reflected light, 
and/or transmitted/reflected light obtained from said sample 
specimen; and 

determining the presence and/or measuring the characteristics 
of respective specific components present in said sample specimen, 

wherein said method further comprises steps of: 

measuring spectra in all or a part of the wavelength range while 
giving water activating perturbations (WAP) to activate water 
existing within and/or around said sample specimen to promote 
interaction between water molecules and predetermined specific 
component included in said sample specimen; 

conducting spectral analysis and/or multivariate analysis of 
spectral response including element peaks of the water molecules 
varying depending on a characteristic of the component of said sample 
specimen to detect transitional changes of spectral response 
patterns; and 

building a model assuming that distinction of respective 
components and/or characteristics of the components can be measured 
through the detected transitional changes in the spectral response 
patterns . 

[0013] Performing the steps described in the former paragraph and 



related to claim 2 causes extremely small alterations in the sample 
specimen and thus makes it possible to detect and measure very small 
changes caused by specific components when using WAP and spectral 
and/or multivariate analysis. The transitional changes of the 
spectral response patterns of water molecules on the spectral graph 
are so small that they cannot be detected by the human eye but the 
invention presented here enables high-accuracy determination of 
component characteristics and further detection of ultra-low 
concentrations of those components in real time by various means. 

[0014] In the invention related to claim 3, the perturbations 
generate physical and/or chemical changes by adding one or more 
condition changes like repeated light irradiations, change of sample 
specimen concentration, extension of irradiation time, 
electromagnetic force application, light path-length changes, 
temperature changes, pH changes, and pressure changes. 

[0015] According to the previous claim 3, this invention makes 
it also possible to select predetermined Water Activated 
perturbations (WAP) according to specific types of sample specimens. 

[0016] In the invention related to claim 4, the perturbations are 
a combination of the repeated light irradiations, and the change 
of sample specimen concentrations are changed in order of every 
tenfold step (e.g. 10" 1 to 10~ 10 ) , and said repeated light irradiations 
must be consecutive repeated at least 3 times. 

[0017] According to the previous claim 4, the sample specimen 
concentrations are changed by dilution in a wide range which 
intensifies the interaction between the water molecules and 
pre-determined components present in the sample specimen so that 
changes in spectral patterns peaks can clearly be found and 
identified. Minimum concentrations of components can in this way 
clearly be both detected and measured. 

[0018] In the invention related to claim 5, the invention allows 
the detection and identification of bacteria such as CNS 
(coagulase-negative staphylococcus) and CPS (coagulase -positive 
staphylococcus) when present in the sample specimen. 
[0019] According to the previous claim 5, the invention makes it 
possible to construct models for high-accuracy identification of 
bacteria such as CNS (coagulase-negative staphylococcus) and CPS 
(coagulase -positive staphylococcus) . That is achieved through the 
use of specific WAP perturbations as step changes by a factor of 
10 in bacteria concentrations followed by multiple consecutive 
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irradiations. 
[0020] 



[0020] m the invention related to claim 6, spectrometry with 
per urbation as changing concentration or dilution'levelToy a f ac or 

irradiaTi ^ "° at ^ 3 consecutive 

irradiates, allows detection of PrP(CU) and/or PrP(Mn) proteins 

p Lrrin th°: ponen : s and prp proteins with ° ut ^ 

present in the sample specimen. 

[0021] Furthermore and in relation to claim 6, changes in the 

obSr h" 3130 " 365 t0 - specific wavelengths are 

obtained by giving perturbations (WAP) in which repeated 
rrradratrons performed at specific time intervals . And through 
spectrometry of that spectral responses, a model can be constructed 
PrPKuT H/ P r SiblS ^ ° Ut " thS ~en sample ItaLs 

10022? in the 1 « ~ 

conducted whi, lnVentl ° n related to <*aim 7. the spectrometry is 
conducted while giving perturbations in light Dath-lenoth L 
concentrations are changed and respective e 
subjected to at least three times consecutive repeated iTradL 

a T nT ~ all °"r teCti0 " ° f " P ™ "th-a™ ^ s 
and PrP proteins without metal components 

[0023J According to the previous claim 7, through conducting 
spectrometry of the sample specimen changing light path length 
and/or concentrations while sub 3 ecting to conLcutive'irradLtions 
PrP<metal, ^ 91 ™ 9 perturteti °- to allow detection of 

[0024 J In the invention related to claim 8, spectrometrv n, 

coTcetrir:;: 6 9iv r p — b *"°- 

concentrations are changed in step values and the respective changes 
are then subjected to consecutive irradiations, to antigen 
concentrations in the sample specimen. 9 " 

Tsui a flCCOr l in9 t0 the data 8, the model can be built 

in such a way that the detection and measurement of antigens 
concentrations when present in the specimen sampie by giving a 
perturbation, WAP, in which sa^le specimen concentration! are 
changed in step values and a perturbation ,„AP, in which respective 
2 S 7n S t U he 3eCted t 0 Eradiations of plural^ s 

conducted "h i" ^T^rttZ ^V'^ 
concentrating I Perturbations m which sample specimen 

concentrations are changed in step values and newly obtained samples 



are subjected to at least 3 times consecutive irradiations, to 
measure a diameter of pre-dissolved state of granule dissolved in 
the sample. 

[0027] According to the previous claim 9, the model can be built 
in such that granule diameter in the pre-dissolved state can be 
measured by giving a perturbation (WAP) in which sample specimen 
concentrations are changed in step values and a perturbation (WAP) 
in which respective changes are subjected to consecutive 
irradiations of plural times. 

[0028] In the invention related to claim 10, the detection of 
bacteria in the sample specimen is achieved through spectroscopy 
conducted while giving perturbations in which sample specimen 
concentrations are changed in step values and at least 3 consecutive 
irradiations . 

[0029] According to the previous claim 10, the model can be built 
in such that even very low concentrations of different bacteria types 
can be detected by giving WAP perturbations as concentration changes 
and subjecting the sample to consecutive irradiations of plural 
times . 

[0030] In the invention related to claim 11, the application 
method of the invention states that spectrometry of the sample 
specimen should be conducted every morning and every evening for 
several consecutive days and again after changing the feed given 
to each animal as a perturbation, to estimate component 
concentrations of biological fluids including blood plasma and rumen 
juice of mammals such as cows based on raw milk spectra of the mammals . 
[0031] According to the previous claim 11 the model can be built 
in such a way that biological information of mammals such as cows 
can be obtained easily by evaluating and/or measuring component 
concentrations of blood plasma and rumen juice through spectrometry 
of row milk from mammals such as cows while giving WAP perturbations 
to the milk samples under investigation performed at different 
measurement intervals and measurement number of times. 
[0032] In the invention related to claim 12, spectrometry is to 
be conducted once every morning and once every evening for several 
consecutive days, after feeds to the sample specimen have been 
changed, to estimate the component concentrations of raw milk of 
the mammals such as cows based on the spectra of biological fluids 
including blood plasma and rumen juice of the mammals. 
[0033] According to the previous claim 12, the model can be built 
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in which quality characteristics of raw milk produced by dairy cows 
or other mammals can easily be estimated through spectrometry of 
biological fluids, including blood plasma and rumen juice, after 
WAR perturbations are performed and measurement intervals and 
measurement number of times are changed. 

[0034] In the invention related to claim 13 the spectrometry is 
conducted while giving perturbations as changing the path-length 
while consecutively irradiation at least 3 times and using two sets 
of wave-lengths, that is, a first set ranging from 700 nm to 1100 
nm and a second set ranging from 1100 nm to 2400 nm will allow 
measurements of multiple components present in raw milk. 

[0035] According to the previous claim 13, the highly accurate 
measurements model of specific components can be achieved even within 
the range of short waves lengths, if spectrometry is performed 
changing light path-lengths. 

[0036] In the invention related to claim 14, the spectrometry is 
conducted while giving perturbations in which 10 V. voltage is 
applied and light in the wavelength range 500 to 1000 nm is 
consecutively irradiated at least 3 times, to measure fat 
concentration in raw milk. 

[0037] According to the previous claim 14, the model can be built 
in such that measuring fat concentration in raw milk by giving WAP 
perturbations, subjecting the sample to a changing electro-magnetic 
field and multiple consecutive irradiations. 

[0038] A visible/near-infrared spectrometry device used in the 
present invention and related to claim 15 include: 

a near-infrared light generating means capable of irradiating 
a sample specimen with near-infrared light or visible and/or 
near-infrared light in the wavelength range from 400 nm to 2500 nm 
or part of that range; 

an optical means for irradiating said visible light and/or 
near-infrared light to the sample specimen; 

a detecting means for obtaining spectra of transmitted light, 
reflected light, or transmitted/reflected light from said sample 
specimen; and 

a data processing means for conducting a predetermined 
multivariate analysis on obtained spectra, 

wherein the visible/near-infrared spectrometry device further 
comprises: a perturbation giving means for giving perturbations by 
adding predetermined conditions to said sample specimen; and 
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said data processing means conducting a spectral analysis on 
all or a part of the wavelength range of spectral responses obtained 
by giving perturbations. 

[0039] According to the spectrometry device described at claim 
15, that spectral responses to transitional changes can be detected 
and analyzed and that components can clearly be identified, which 
up to now had been difficult to achieve. And a characteristic of 
each component such as the concentration and the granule size can 
be measured. 

[0040] In the invention related to claim 16, said perturbation 
giving means promotes interaction between water molecule and 
predetermined specific component included in said sample specimen 
by giving perturbations (WAP) to activate water existing within 
and/or around said sample specimen, and comprises an irradiation 
controlling unit for controlling irradiation time and irradiation 
frequency is provided. 

[0041] According to the previous claim 16, spectral response 
patterns in water molecules according to the addition of specific 
perturbations to the sample specimen can be accurately measured. 
In fact, very minute changes are detectable and analyzable. Therefore, 
ultra-low concentrations of specific components become detectable 
and the measurement of their characteristics becomes possible in 
real time. 

[0042] In the invention related to claim 17, said perturbation 
giving means comprises at least one means capable of adjusting 
electromagnetic power, changing light path-length, and changing 
temperature; and a controlling means for controlling perturbations 
given by said perturbation giving means and operation timing between 
irradiating light and receiving light so as to irradiate light and 
receive light from probes which comprises said optical means and 
said detecting means together or separately and perform data 
processing. 

[0043] According to the previous claim 17, provides the means for 
elaborating a model that will allow detection of ultra-low 
concentrations of any component, a feat that hitherto had been 
elusive or at least difficult to achieve. 

[0044] In the invention related to claim 18, the execution of the 
spectral analysis of the responses to specific perturbations 
followed by data analysis for all or part of several distinct 
wavelengths ranges will allow the detection of bio-molecular 



structures and their functions and these changes. 
[0045] 

Furthermore, and in relation to claim 18 the detection of 
bio-molecular structures and their respective functions and these 
changes can be obtained, in real time, by analyzing spectral changes 
caused by predetermined WAP perturbations and their effect on 
spectral response . 

[0046] The device of the invention related to claim 19 comprises: 
a sample specimen containing unit; 

a perturbation giving means for giving perturbations by adding 
predetermined conditions to the sample specimen; 

an optical means for irradiating visible light and/or 
near-infrared light in the wavelength range 400 nm to 2500 nm or 
part of the range to the sample specimen, said lights being in a 
predetermined specific wavelength range corresponding to sample 
specimen; 

a detecting means for obtaining spectra of transmitted light, 
reflected light, or transmitted/reflected light from said sample 
specimen; 

a data processing means for conducting a predetermined 
multivariate analysis on obtained spectra; and 
a displaying means for display a measurement result. 
[0047] According to the spectrometry device described at claim 
19, specific components in a sample specimen can be measured through 
the analysis of spectral responses to those components in the 
near-infrared wavelength range, while giving WAP perturbations. 
[0048] The device of the invention related to claim 20 implements 
a spectroscopic method through the use of visible/near-infrared 
spectrometry (claimed in any one of claim 6 to claim 15) through 
the use of discrete and optimal important wavelengths appropriate 
for the analysis of specific sample specimens. 

[0049] In relation to claim 20 the spectrometry is conducted in 
important wavelengths range that is optimal for a specific sample 
specimen to enable easy measurement of specific components. 

ADVANTAGES OF THE INVENTION 

[0050] Visible/near-infrared spectrometry and its device are used 
in the present invention, together with purposeful perturbations 
(water activating perturbations: WAP) in order to activate water 
existing within and/or around the sample specimen. This is achieved 
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by adding predetermined conditions to a sample specimen and observing 
the spectral response patterns to those perturbations, including 
predetermined water spectra which change depending on the respective 
components present in the sample specimen. Those changing patterns 
are then measured and spectral and/or multivariate analysis is 
conducted on the resulting patterns. The present method here 
presented allows detection of components that by traditionally 
conventional method are difficult to detect. Furthermore the method 
and its device allow high-accuracy measurement of component 
characteristics and structure even at ultra-low concentrations. 
Structures, functions and changes of bio-molecules can be measured 
in real time. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0051] Embodiment of the visible/near-infrared spectrometry and 
its device related to the present invention is described hereinafter 
with reference to FIG. 1 to 31. 

[0052] In the visible/near-infrared spectrometry and its device 
related to the present invention, light in the continuous wavelength 
range 400 nm to 2500 nm or some part of the range (visible light 
and/or near-infrared light) is used to irradiate samples, using a 
commercial spectrometer (e.g. NIRSystem 6500 manufactured by Nireco 
Co. ) and the subsequently acquired spectra of transmitted/ reflected 
light are analyzed. 

[0053] In such spectral analysis, reciprocals of light 
reflectance are logarithmically correlated to convert the detected 
spectra to the absorption spectra. Peaks in the resulting spectra 
are decomposed into element peaks by a spectrometric method. 
Multivariate analysis is then conducted on the element peaks, and 
attribution bands are obtained to build a model. 

[0054] When a liquid sample (a water contained sample) specimen 
is irradiated with near-infrared light only specific wavelengths 
are absorbed by specific types of molecules present in the sample 
under scrutiny. Furthermore, absorbed wavelength changes vary 
according to the type of molecular structure. In the case of samples 
containing water molecules, the absorption phenomenon occurs in the 
wavelength range specific to the water molecule. The element peaks 
of water molecules shift as a result of interaction between that 
water molecule and the target component present in the sample 
specimen . 
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[0055] That means, that when a specimen sample is irradiated, 
light, that is, energy is absorbed differently by specific molecules 
according to specific wavelengths, and an energy level transits. 
Thus, specific wavelengths will produce discreet spectral patterns 
resulting from interaction between water molecules and specific 
target components, hydrogen-bonds and so forth. 
[0056] The energy of a molecule is its vibration energy. As 
molecules are excited their vibration level shifts from the basic 
vibratory state to an excited state (transition of energy level) 
The basic vibration state is referred to as a fundamental tone. 
Transitions to second and third excited vibration states are referred 
to as overtone transitions. Transitions to excited states that are 
multiples of normal vibration states are referred to as a combination 
tones . 

[0057] m the near-infrared wavelength range, many bands 
attributed to a functional group containing hydrogen (e.g. OH) exist 
and their overtones and combination tones also appear. That means 
that near-infrared light irradiation of a sample specimen causes 
changes in the fundamental tone, the overtones and the combination 
tones according to specific wavelength ranges. 

[0058] As mentioned above, overtones and combination tones are 
superimposed in the resulting spectral data obtained from 
near-infrared spectroscopy. The intensity of these overtones and 
combination tones is low and it decreases as overtone frequencies 
become higher multiples of the fundamental tone. 

[0059] For this reason, the conventional near-infrared 
spectrometry requires spectral analysis of complex and superimposed 
low-intensity bands. Despite the large amount of information 
available, accurate measurement is traditionally difficult to 
achieve. 

[0060] However, as it became possible to generate spectral pattern 
changes, in specific wavelength range, which can be measured later 

(invisible in terms of data) by giving intentional perturbations 
under predetermined conditions accurate measurements become 
feasible. Those predetermined conditions include intentional 
concentration level changes in step values, intentional consecutive 
light irradiations, intentional prolonged irradiations, 
intentional electromagnetic exposing, intentional light 
path-length changes, intentional temperature, pH, and pressure 
changes and so forth. Those changes induce the physical and chemical 
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changes of the specimen sample. This means that the spectral response 
to these controlled changes produce spectral patterns specific to 
the subject component, and that multivariate analysis conducted on 
the acquired spectral data detects a response specific to each sample 
component. As a result detection and measurement of that specific 
sample component become possible. 

[0061] As mentioned above, the near-infrared absorption spectra 
can be obtained by plotting the discreet absorbance (light absorbance 
rate) for specific wavelengths. Such quantitative analysis with 
near-infrared absorbance spectra requires a relational expression 

(calibration line) to relate the spectral data to an objective 
characteristic value (concentration or characteristic value) 
Generally, the calibration line can be obtained by measuring spectra 
of a sample whose objective characteristic value is known. That is 
achieved by performing preprocessing, including auto-scaling 
smoothing, and first derivative operations on the obtained spectral 
data and subsequently analyzing those data with partial least square 
regression analysis (els,. Furthermore, a highly accurate model can 
be build through cross-validation examination. And components are 
determined by principal component analysis (PCA) and further 

«™T COmp ° nentS are used to obtain inter-class distance by using 
SIMCA method for classification analysis. 
[0062] For data analyses including the above mentioned 
preprocessing and multivariate analysis, the data processing 
software, PirouetteS . 02 (which can be obtained from GL Science Inc ) 
was used. * ; 

[0063] Near-infrared spectrometry has low energy levels and as 
a result it does not damage the sample even by repeated irradiations 
to the same material. It is thus possible to conduct the repeated 
spectrometry while adding the predetermined conditions (giving 
perturbations) . It was found that spectral responses changed 
dynamically when inducing the above mentioned perturbations. Due 
to those measurable dynamic changes, minimum variations in response 
spectra can be detected through spectral and/or multivariate 
analysis of those dynamic changes so that the detection and 
characteristics of components is now possible. 
[0064] FIG. 1 is a block diagram illustrating the flow of 
visible/near-infrared spectrometry as related to the present 
invention. Spectra are measured while giving perturbations by adding 
predetermined conditions to the known sample 1. The obtained spectra 
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are data-transformed and data-analyzed, and predetermined 
attribution bands of the sample are obtained while validating 
differences in absorption band intensity to build a model. 
Furthermore, the same perturbations are repeated on a different new 
sample 2, spectra are measured and compared to the data obtained 
from the first sample. Evaluation of the results is then used to 
build a model for a specific component. 

[0065] FIG. 2 shows a characteristic portion of the proposed 
method. As shown, the proposed invented method is characterized by 
repeated spectral measurements conducted while simultaneously 
giving perturbations in the sample by performing, under 
predetermined conditions, concentration changes in the sample 
specimen . Spectral response patterns are the obtained based on data 
gathered from at least three times consecutive irradiations at 
specific wavelengths. Changes caused by the interaction of water 
molecules and target components are then detected and transitional 
spectral response patterns are then analyzed. As a result of such 
a method a qualitative model allowing identifying a component can 
be extrapolated and a quantitative model detecting the 
characteristics of a specific component can also be constructed. 
The models then provide information on the components present in 
the sample specimen. 

[0066] FIG. 3 is a schematic diagram showing the characteristic 
portion of the device used in the present invention. 
As shown, visible/near-infrared spectrometry device 10 has a probe 
12 comprising an optical means 12A capable of irradiating visible 
light and/or near-infrared light on a sample specimen SI from a 
near-infrared generating device 11, a detecting device 12B to obtain 
spectra of transmitted light, reflected light, or 
transmitted/reflected light from the sample specimen SI. And said 
device 10 is arranged with a perturbations producing device 15 to 
giving perturbations by adding predetermined conditions to said 
sample specimen. A sample specimen environment adjusting device 14 
and environmental conditions adjusting device including temperature, 
pH, and other changes , a data processing device 13 to conduct 
predetermined multivariate analysis on the obtained spectra, a 
control device 16 controlling perturbations in the sample, a 
perturbations producing device 15 and an operation timing of 
irradiating light and receiving light device. 
[0067] The data processing device 13 performs multivariate 
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analysis of the resulting spectra i.e. quantitative analysis to 
quantify the component characteristics using a PLS method and/or 
a cross-validation method or perform a qualitative analysis to 
determine classes using the PCA method and/or a SIMCA method. A model 
is then designed to measure distinctive properties of the respective 
components and/or component characteristics of unknown sample. 
Thereby components in sample specimen SI can be detected and 
component characteristics can be measured. 

[0068] Spectrometry in the wavelength range from 400 nm to 2500 
nm is scanned at resolution of 2nm using the above mentioned 
spectrograph, so that 1051 pieces of data can be obtained from a 
single scanning. It is thus possible to obtain 3153 items of data 
through three consecutive scanning. Processing those data allows 
identification of respective components as peaks corresponding to 
the interactions of water molecules with specific components are 
identified for different wavelength ranges. 

[0069] FIG. 4 shows the intensity changes in the water molecule 
absorbance band. It shows the wavelength range where the intensity 
changes or shifts occur when the sample specimen comprising only 
water is consecutively illuminated every 15 minutes with wavelengths 
ranging from 400 nm to 2500 nm for 6 hours in a row. The responses 
occur and are shown in the blackened areas. 

[0070] FIG. 5 shows a contour representing intensity changes 
(synchronous changes, that is, changes occurring simultaneously) 
in the water absorbance band ranging from 600 to 850 nm which are 
specific to the water molecules where changes in absorbance 
corresponding to the before-mentioned overtones and combination 
tones easily occur. Furthermore, FIG. 6 shows characteristic 
spectral peaks (peaks generated by positive correlation and peaks 
generated by negative correlation) . It also shows that with respect 
to the peak at wavelength 606 nm, positive correlation peaks are 
simultaneously generated at the wavelengths between 640 nm and 738 
nm. Negative correlation peaks are generated at a wavelength of 808 
nm. 

[0071] It is also found that some changes do not occur 
simultaneously but occur asynchronously following specific 
wavelength spectral changes. It is understood that in such specific 
wavelength ranges information concerning water absorbance band can 
be correlated to other complex changes observed at specific 
wavelengths . 
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[0072] For this reason, a response of the predetermined water 
molecule element peak generated when the spectrometry is conducted 
on the specific sample specimen shows that a change occurs in the 
specific wavelength range according to the component present in the 
sample specimen. The degree of this change is not directly determined 
by the resulting spectral data but can be obtained from data 
processing and multivariate analysis of the spectra. 
[0073] Furthermore, it is observed that even by scanning with 
sample component concentration changes in step values, by scanning 
with light path-length changes, and by scanning with added external 
conditions such as variable temperature and pH conditions, there 
is a slight difference in the response between the first and second 
scanning, or between the second and third scanning, so that 
differences between the responses in element peaks of water molecules 
depending on respective sample components can be found. 
[0074] Therefore, said perturbations are intentional condition 
changes to generate dynamic changes to the spectral responses by 
conducting several times of irradiations at time intervals for 
spectral measurement. In the present invention, these perturbations 
are referred to as WAPOT (Water Activating Perturbations Over the 
Time) . 

[0075] Scanning is thus conducted while giving water activating 
perturbations (WAP) by inducing physical and chemical alterations 
through concentration changes, repeated irradiations, irradiation 
time extensions, electromagnetic applications, path-length changes, 
temperature changes, pH changes, pressure changes and so forth. 
Responses to discreet components present in the respective samples 
and their corresponding spectral responses (intentional changes of 
spectral pattern including predetermined water molecule element 
peaks) can then be detected. 

[0076] The measurement result of each sample is described herein 
after. 

EMBODIMENT 1 

[0077] Embodiment 1 is an example of determination between 
bacteria, CNS (coagulase-negative staphylococcus) and CPS 

(coagulase-positive staphylococcus) in sample specimen, and 
measurement of their respective concentrations. 
Sample specimens in which respective bacteria are mixed in BPW 

(buffer peptone water) are prepared and those sample specimens are 
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then injected in a silica cell of lmm. 

The samples are prepared in such a way that respective referential 
concentrations of CFU (colony forming unit) are changed by tenfold 
steps, that is, in range from 10" 1 to 1CT 10 The prepared samples are 
consecutively irradiated three times with light in the wavelength 
range from 400 nm to 2500 nm and spectrometry is then measured at 
2nm intervals. 

[0078] When determining the presence of respective bacteria in 
the sample specimens could be performed in buffer peptone water 
solution, cow's milk or could be measured bacteria cultured in a 
Petri dish. 

[0079] The spectrograph used here is a near-infrared spectrograph 
(NIRSystem 6500 manufactured by Nireco Co.) and the measurement 
temperature is a constant at 37°C. 

[0080] FIG. 7 shows the measured absorption spectra. The shaded 
portion is excluded from the data and is considered noise. The 
obtained data are then preprocessed by auto-scaling, smoothing 
processing, and first derivative processing using the 
data-processing software, Pirouette3. 02 (which can be obtained from 
the GL Science Co. ) The data-processing software transforms the data 
which is then used to measure respective bacteria concentration by 
PLS and cross-validation analysis according to the model. Bacteria 
in the respective sample specimens are also identified by their 
principal component analysis (PCA) and SIMCA analysis. 
[0081] FIG. 8 shows a regression vector for CNS concentration 
obtained as a result of PLS analysis. FIG. 9 shows a CPS concentration 
regression vector. Important wavelengths for which clear responses 
are obtained are 1406 to 1500 nm, 1180 nm, and 1306 nm for CNS, and 
740 nm, 770 nm, 808 nm, 1156 to 1198 nm, 1466 nm, 1476 nm, 1650 nm 
1686 nm, 1704 nm, 1720 nm, 1750 nm, 1846 nm, and 1890 nm for CPS 
Furthermore, FIG. 10 shows a calibration line for CNS concentration 
and FIG. 11 shows a calibration line of CPS concentration. 
[0082] m FIG. 10 and FIG. 11, the X-axis (horizontal axis) 
represents measurement values (reference values obtained by the 
conventional method by diluting known sample specimen) and Y-axis 
(vertical axis) represents probable values obtained from the 
constructed model derived from spectral and multivariate analysis 
[0083] CN-6-2 in FIG. 10 indicates the 2nd scanning data of the 
sample specimen at the 6th level when CNS concentration is diluted 
by tenfold increments from 10" 1 to 10" 10 . CP-6-3 in FIG. 11 indicates 
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the third scanning data of the sample specimen at the 6th level in 
the tenfold dilution levels of CPS concentration. 
[0084] Numeric values on the horizontal axis in FIG. 10 express 
natural logarithmic scales of CNS concentration. For example, 
undiluted CNS solution of 1 . 12 x 10 8 CFU/ml concentration is used as 
a reference sample and measurement is conducted with 10-level samples 
which are diluted into 10 of tenfold increments. That means, In (1. 12 
x 10 8 ) = 18.53 is a reference concentration (CNgen-2etc. in FIG. 10) . 
The first one diluted from this 10 fold increments is expressed by 
CN^IO = In (1.12 x 10 7 ) = 16.23. And the one further diluted by a 
factor of 10 is CN"9 = In (1.12 x 10 6 ) = 13.93. 
[0085] FIG. 11 shows the result of measuring samples whose 
concentration are diluted by a successive a factor of 10 when a CPS 
of 1.05 x 10 8 CFU/ml concentration is used as a reference stock 
solution. FIG. 10 and 11 show that it possible to obtain a calibration 
line with which CNS and CPS can be measured in a concentration range 
from 10" 1 to 10" 10 and particularly for CPS which are bacteria harmful 
to the human body. Ultra-low concentration samples in which the 
concentrations are diluted to 1.05 x 10 8 x 10" 10 CFU/ml can be 
accurately be measured. 

[0086] FIG. 12 shows a cross-validation analysis result and 
expresses the result of validation error SEV, and validation 
correlation rVal, etc. Based on those results, for example, with 
respect to Factor 6 of the CPS calibration line, the cumulative 
contribution rate (cumulative) is 97 . 56091% and the validation error 
SEV is 3.096218. The correlation coefficient is rVal = 0.944 926. 
It is thus clear that a highly accurate calibration line can be 
obtained. 

[0087] Furthermore, said CNS and CPS were determined using samples 
in which concentration of mixtures containing CNS and CPS were 
diluted in step values (successive a factor of 10) . Using 2nd and 
3rd measurement data among spectra which are measured three times 
on each respective sample, principal component analysis (PCA) is 
then conducted on a group of samples. FIG. 13 shows a 
three-dimensional plot which is based on the 1st principal component 

(Factor 1), the 3rd principal component (Factor 3) and the 5th 
principal component (Factor 5) which were obtained by said PCA. As 
shown in FIG. 13, the visible/near-infrared spectrometry method 
proposed by the present invention, clearly separates clusters of 
CNS and CPS by a boundary LI. It means that the present invention 
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achieves easy distinction between CNS and CPS which has been 
impossible to achieve through visible/near-infrared spectrometry. 
[0088] FIG. 14(a) shows the result of SIMCA analysis when 
respective pre-processes and conversion processes are changed. In 
measurement conditions Al to A6, "WATER EXCLUDE" means water molecule 
spectra excluded from analysis, "BPW" means using buffer peptone 
water BPW, "DILUTED SAMPLE" means the use of a sample prepared in 
such a way that the concentration is previously diluted to each 
predetermined value, "NOISE EXCLUDE" means followed by the processes 
of noise exclusive, and "3 TIMES" means three consecutive 
irradiations, respectively. 

[0089] "Auto-scaling", "smoothing" (15), and "1st Derivative" 
(25) respectively mean "auto-scaling process" and "the smoothing 

process" with a smoothing window of 15 nm, and a 1st derivative process 

conducted with a smoothing window of 25 nm. 

[0090] That is to say that in the measurement condition A6 in which 
water spectra is removed from the data, buffer peptone water is used 
The sample in which the concentration is previously diluted by step 
values, noise is subjected to noise removal treatment, and three 
times consecutive irradiations are conducted. When SIMCA analysis 
18 P erformed on CNS and CPS through data processing, including the 
auto-scaling processes, the smoothing process window is 15 nm, and 
the 1st derivative (every 25 nm) .The interclass distance between 
CNS and CPS is 4.254. 

[0091] When comparing A4 and A8, the model is obtained by 
previously diluted samples or not. The interclass distance for A4 
xa 1.156 while the interclass distance in the case of a previously 
diluted sample is 4.132, which shows that the determination power 
is increased. As for obtaining the various concentrations, there 
are two methods . In the first method, the concentration of each sample 
is set at a predetermined original value which is being prepared 
by addition of predetermined amount of water and/or buffer peptone 
water to an undiluted sample (henceforth referred to as single or 
serial pre-addition dilution) . In the second method, the undiluted 
stock solution is measured as a sample and, after the completion 
of the measurement; water and/or buffer peptone water are 
progressively added to dilute the concentration (herein after 
referred to as multiple and post-addition dilution) . In this process 
bacteria can be detected by using pre-addition dilution to extremely 
low concentration levels. Furthermore, in comparing A8 and A6, 
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differences are observed according to whether irradiation is 
conducted one time or three times. The interclass distance of A6 
after three times irradiations is 4.254 and it also shows that the 
determination power is increased. 

[0092] Generally, an interclass distance of no less than 3 is 
considered significant for class determination. The above 
mentioned resulting interclass distance of 4 .254 shows that the SIMCA 
model allows significant differentiation between CNS and CPS 

[0093] ^ FIG. 14(b) shows the result of a determination process 
using SIMCA. For example, with respect to CNS, all 34 determinations 
were successful and no determination errors occurred. And again, 
with respect to CPS, all 36 determinations were successful and no 
determination errors occurred. It clearly shows that the 
determination process is highly reliable. 

[0094] As mentioned above, it becomes possible to build highly 
reliable models to determine the presence of bacteria CNS (coagulase 
negative staphylococcal) and CPS (coagulase positive 
staphylococcal) in sample specimens through the use of spectrometry 
combined with condition changes in the sample specimen (that is, 
WAP perturbations) and three consecutive irradiations. Dilution of 
the concentration level must be performed by a factor of 10 in a 
wide range from 10' 1 to lO" 10 (pre-addition dilution) . 
[0095] Therefore, the visible/near-infrared spectrometry related 
to the present invention ensures detection of bacteria that are 
harmful to the human body but are difficult to detect. 
The present invention does not require the use of bacteria-cultures 
and enables detection by real time-measurement, while the 
conventional culture method requires about 48 hours. 

EMBODIMENT 2 

[0096] Embodiment 2 is an example of the detection of "prion" 
protein PrP containing no metal component and prion proteins PrP (CU) 
and PrP(Mn) which have a metal component. In this embodiment, a 
spectrometry is conducted with light in the wavelength range from 
4 00 nm to 2500 ran, light irradiation is added in succession every 
15 minutes as a perturbation for a six hours and multivariate analysis 
is conducted by the PCA method and the SIMCA method. 

[0097] A samples of PrP prion protein alone and a sample PrP(Cu) 
containing copper in its molecular structure, as well as a sample 
of PrP(Mn) containing manganese in the its molecular structure are 
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prepared. Then multiple samples of prion solutions at different 
concentration levels are also prepared (single and pre-addition 
dilution). The respective dilution levels are lmg/ml, 0.5mg/ml, 
O.lmg/ml, 0.05mg/ml. Spectrometry is then conducted on the 
respective prion solutions. 

[0098] Multivariate analysis is then conducted to obtain the 
spectra of the 1st principal component (Factor 1), 3rd principal 
component (Factor 3) and 5th principal component (Factor 5) . FIG. 
15 shows a determination result based on the obtained principal 
components and loadings. 

[0099] FIG. 15 (a) shows the determination result of PrP, PrP (CU) , 
and PrP(Mn) with the 1st principal component (Factor 1) and the 3rd 
principal component (Factor 3) . Fig. 15(b) shows the determination 
result of PrP, PrP(CU) , and PrP(Mn) with the 3rd principal component 
(Factor 3) and the 5th principal component (Factor5) . FIG. 15(c) 
shows loadings of respective principal components. 
[0100] FIG. 15(a) clearly shows that PrP, PrP(Cu), PrP(Mn) are 
well determined. However, PrPl is separated from a PrP group circled 
with a wavy line, Cul from a PrP(Cu) group, and Mnl from a PrP(Mn) 
group, and said PrPl, Cul and Mnl are data obtained after the first 
irradiation. This shows that accurate determination can not be 
expected from a single irradiation but that models for group 
determination can be obtained by repeated measurements while giving 
perturbations (WAP) . 

[0101] FIG. 15 (a) (b) show that it is possible to build models when 
spectra analysis is conducted while changing condition that include 
the dilution change in step values of sample concentration and 
consecutive light irradiation every 15 minutes while giving 
perturbations (WAP) , to determine Prion proteins PrP, PrP (Cu) , and 
PrP(Mn). 

[0102] In FIG. 15(c), the 1st principal component (Factor 1), 
obtained at a wavelength of 1466 nm, provides the basis for a line 
PCI, which shows the loading of the 1st principal component (Factor 
1) .Wavelengths of 1340 nm and 1424 nm are the basis for line PC3, 
showing the loading of the 3rd principal component (Factor 3) and 
wavelengths of 1364 nm, 1394 nm and 1476 nm are the basis for line 
PC5 showing the loading of the 5th principal component (Factor 5) . 
[0103] FIG. 16 shows the result of interclass distance measurement 
by SIMCA analysis. FIG. 16 shows that the distance between PrP (Cu) 
and PrP(Mn) is 28.81, and that the distance between PrP(Cu) and Prp 
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is 4.15. Because the distance longer than 3 is adequate for class 
determination as mentioned before. Prion proteins can be clearly 
detected and identified by the present method. 
[0104] That means, that spectrometry conducted while giving 
perturbations (WAP) followed by repeated irradiations at time 
intervals (every 15 minutes) permit the detection of proteins 
containing metal components such as PrP(Cu) and PrP(Mn) . As a result, 
it is now possible to conceive models which can accurately determine 
whether prion proteins PrP and prion protein PrP(Cu) are present. 
Prion protein PrP(Cu) are thought to be related to mad cow 
disease (BSE: bovine spongiform encephalopathy). 

[0105] FIG. 17 shows a result of interclass distance measurement 
by the SIMCA processing conducted on another sample on which 
irradiations were repeated 26 times every 15 minutes for 6 hours. 
As shown in FIG. 17, the interclass distance increases to some extent 
with increasing irradiations numbers. That means that determination 
accuracy rate also increases accordingly. 

[0106] For example, the interclass distance between PrP(Cu) and 
PrP(Mn) which is 5.6 after 3 irradiations increases to 25.8 after 
20 irradiations. However, the interclass distance between PrP(Cu) 
and PrP reaches its maximum after 11 irradiations and thus follows 
a different pattern. It means that optimal numbers of irradiations 
for specific perturbations and specific components do exist. 

[0107] Even in prion protein having similar structures, response 
changes occur according to component differences when they are 
subjected to perturbations. It means that response changes depend 
on the bio-molecular structures, function differences and their 
variations under given perturbations. Therefore, bio-molecular 
structures and functions can be detected by analyzing their response 
to specific perturbations. 

[0108] FIG. 18 shows the result of interclass distance measurement 
based on respective sample concentrations where specific prion 
protein PrP without metal component and a prion protein PrP(Cu) 
containing metal components are present in a solution where , 
PrPinW(Cu)is added to PrP in the water solution. Multiple samples 
are prepared by mixing respective predetermined stock solutions with 
buffer water and the respective sample concentrations are changed 
to lmg/ml, 0.5mg/ml, O.lmg/ml, 0.05mg/ml (previous addition to the 
sample) . Interclass distances are then measured for those samples. 

[0109] For example, the interclass distances between PrP(Cu) and 
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PrP are 0.861595 at a concentration of lmg/ml, 2.434433 at a 
concentration of 0.5mg/ml, 2.674 994 at a concentration of 0. lmg/ml, 
and 7.862999 at a concentration of 0.05mg/ml. The interclass 
distance subjected measurement increases as concentration levels 
decrease; determination of component is then possible because the 
interclass distance is superior to 3 which is the minimum for class 
determination, as described earlier. 

[0110] Based on the above-mentioned experimental result, using 
the spectrometry method described here above, it is found that 
determination rate increases as sample specimen concentrations 
decreases in wide range concentration dilutions by pre-addition 
dilution. 



EMBODIMENT 3 

[0111] Embodiment 3 is an example of determination among prion 
proteins PrP without metal component and a sample specimen PrP(CU) 
containing copper as PrP (metal) with metal component. The 
determination is obtained by changing light path-length from 1mm 
to 4mm. In this embodiment, spectrometry is conducted with light 
in a wavelength range of 400 nm to 2500 nm. Light is irradiated for 
48 hours and light irradiation is repeated every 6 hours. 
Multivariate analysis is then conducted by the PCA method and the 
SIMCA method. PrPinW(Cu) to which metal component Cu is added in 
the PrP water solution is then measured to determine how the change 
affects the measurement results. 

[0112] FIG. 19 shows the results obtained when using loadings of 
the 3rd principal component (Factor 3) and the 9th principal 
component (Factor 9) . FIG. 20(a) shows the results of SIMCA analysis . 
FIG. 20(b) shows interclass distances as determined by SIMCA and 
FIG. 20(c) shows the determination results. 

[0113] Based on FIG. 20(a), it is found that classes of PrP and 
PrP(Cu) can be clearly determined when they are measured with 
different light path-lengths. PrP(Cu) and PrPinW(Cu) can clearly 
be identified by that method. . Based on FIG. 20(b) , the interclass 
distance between PrP(Cu) and PrPinW(Cu) is 24.84 and is clearly 
defined. Although the interclass distance between PrP and PrP(Cu) 
of 1 . 19 which is small, there is no problem because the determination 
error based on the results shown in FIG. 20(c) is zero. 

[0114] As mentioned above, it is found that determination between 



the prion protein PrP and the prion protein PrP(Cu) containing a 
metal component can be realized through spectrometry using different 
light path-lengths. However, FIG. 20 (a), shows that there is no 
difference between PrPinW(Cu) when changing light path-length. That 
means, that in the sample specimen in which only a metal component 
Cu has been added to the PrP water solution, pattern changes do not 
occur in the response spectra even when spectrometry is conducted 
with different light path-lengths and an interaction between a water 
molecule and a target component does not occur either in such a case. 
However, in the experiment using visible/near-infrared spectrometry, 
the prion protein PrP (metal) containing metal component in its 
molecular structure can be identified. This type of spectrometry 
is thus considered effective. 

[0115] Detection and distinction between prion proteins PrP with 
no metal component and prion proteins PrP (metal) with metal component 
is achieved by giving specific perturbations such as light 
path-length changes (1mm and 4mm respectively) . 

EMBODIMENT 4 

[0116] Embodiment 4 is an example of determination between prion 
proteins PrP without metal component and prion proteins PrP (CU) with 
a metal component . PrPinW (Cu) is obtained by adding a metal component 
Cu to a water solution of PrP, and the determination is conducted 
by changing temperature (respectively 21°C, 30°C, 35°C, 37°C) . 
Spectrometry is then conducted on the respective prion water 
solutions in which concentrations levels are previously changed at 
4 distinct levels. That is, lmg/ml, 0.5mg/ml, O.lmg/ml, 0.05mg/ml 

(pre-addition dilution) . 

[0117] Spectral data is then obtained by conducting spectrometry 
on the respective concentration sample specimens at the formerly 
described 4 levels. That means that each predetermined concentration 
sample produces 4 pieces of spectral data. A principal component 
analysis is thus conducted on 4 pieces of spectral data which are 
obtained when adding temperature changes and applying SIMCA to the 
data produced by the perturbations in the sample specimens at 
different concentration levels. 

[0118] FIG. 21 is a three-dimensional graph showing SIMCA 
distances. This shows that SIMCA distance is the highest when the 
sample specimen concentration 0.05mg/ml is the lowest. Respective 
SIMCA distances are no less than 5, which is well above the minimum 
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needed for class determination. 

[0119] It is also clear that SIMCA-distance patterns change 
depending on the respective specimen components. That means, it is 
shown that when temperature changes are given as perturbations , 
responses change according on respective specimen components and 
differences occur depending on specimen component structures and 
functions. Thus, temperature change sample specimens can be 
perturbations which dynamically changes response spectral patterns. 

EMBODIMENT 5 

[0120] Embodiment 5 is an example of measuring antigen 
concentrations in sample specimens. Anti-bisphenol A scFv is used 
as an antibody and Bisphenol A is used as an antigen. Diluted sample 
specimens where respective concentrations are gradually diluted in 
step values in the buffer water (PBS buffer) are injected in a silica 
cell at a light path-length of 1mm, and in wavelength range of 400 
nm to 2500 nm. Samples are then subjected to at least 3 consecutive 
irradiations for spectrometry. 

[0121] Said antibody sample concentrations are established in 4 
levels, that is, lOng/ml, lOOng/ml, 1/zg/ml, 10/ig/ml. Antigen 
samples whose concentrations are established in 6 levels from lpg/ml 
to lOOng/ml. There are 32 mixture samples, that is, 2 units for 16 
types of mixture samples . And spectrometry is then conducted on these 
samples, and adding respective single samples (10 types, 22 samples) , 
one sample containing only water (1 sample) , and on sample containing 
only buffer water (3 samples), totally 58 samples. 

[0122] Noise processing, smoothing processing, and an auto-scaling 
processing are conducted on the obtained spectral data and then PLS 
followed by cross-validation analysis. 

[0123] FIG. 22 shows an analysis result. FIG. 22(a) shows a 
calibration line. The horizontal axis represents Measured Y which 
is a measurement value by a conventional method and the vertical 
axis represents Pred Val which is a predicted value obtained by the 
visible/near-infrared spectrometry in the present invention. Based 
on those results, antigen concentration is found measurable up to 
lppt (one trillionth) . 

[0124] FIG. 22(b) shows validation errors SEV which are obtained 
through cross-validation analysis. After the 1st irradiation, a 
cumulative contribution rate (cumulative) of Factor 5 is 99. 94188 % , 
and the validation error SEV is 3.558607. However, after repeating 
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irradiation three times, a cumulative error of Factor 9 is 99 g«« , 
and the validation error- k - 1S yy -94567 % 

on error SEV becomes 1.008785. 

to 10.11. That means, Li ple lr ra ' at """"^ 
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cress-validation , , -Zidation errors SEV obtained through 
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EMBODIMENT 8 

[0142] Embodiment 8 is an example of measuring component 
concentrations in blood plasma, rumen juice, cow and other mammals' 
milk. Using raw biological fluids, sample specimens are injected 
into a silica cell giving a light path-length of 1mm and are then 
subjected and analyzed through spectrometry with light in the 
wavelength range from 400 nm to 2500 ran. In such a measurement 
procedure, spectrometry is conducted twice a day (once in the morning 
and once in the evening) for 3 consecutive days. Furthermore, after 
changing cow feeds for 3 weeks, a similar spectrometry is again 
conducted twice a day (once in the morning and once in the evening) 
for 3 consecutive days to confirm the effects. 

[0143] In the above case, the measurement is conducted once in 
the morning and once in the evening for consecutive 3 days. However 
measurement may be conducted more than twice a day or for more than 
3 consecutive days. Spectral data obtained as mentioned above, are 
pre-processed and analyzed by the PLS method and the cross-validation 
method. 

[0144] FIG. 26 and 27 show the results of such analysis. FIG. 27(a) 
and (b) show the results obtained for several components assumed 
to be present in cow milk (Fat, Crude Protein, Casein, True protein 
and milk urea nitrogen: MUN, Lactose), at different concentration 
levels, through measurements taken from a cow' s blood plasma spectra. 
FIG. 27(c) and (d) show results obtained several blood plasma 
components assumed to be present in blood plasma (Albumin, Glucose, 
Blood urea nitrogen: BUN) through measurements taken from cow milk 
spectra instead . 

[0145] And FIG. 27(a) and (b) show the results of measurements 
of assumed cow milk components (Fat, Crude Protein, Casein, True 
protein, MUN, Lactose), at different concentration levels, based 
on measurements taken from cow's rumen juice spectra. 
FIG. 27(c) and (d) show the results of measurements obtained for 
assumed rumen juice components (pH, ammonia nitrogen: NH3-N, Fat 
acid C2, Fat acid C3, Fat acid C4 ) at different concentrations levels, 
based on measurements of cow milk spectra. 

[0146] As shown in FIG. 26(b) through the use of 
visible/near-infrared spectrometry, as described in the present 
invention, the concentrations of raw cow milk components can strongly 
be inferred from and correlated with measurements taken from the 
spectra of cow blood plasma. In particular, the correlation 
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coefficient R = 0. 938 with respect to casein falls into a statistical 
significance p < 0.001 and this is with an assumption error occurring 
at 1/1000. Thus and as shown in FIG. 27(b), Casein concentration 
contained in raw milk: R = 0 . 902 can be assumed at P< 0 . 001 by measuring 
cow Rumen juice spectra. 

[0147] Thus, spectrometry performed while giving perturbations 
(WAP) , changing time intervals between measurements, changing 
measurement frequency and changing component concentration in raw 
milk taken from mammals such as cows allows precise measurements 
on biological fluids, including blood plasma and rumen juices taken 
from such mammals. Cross evaluations between blood plasma, rumen 
juice and raw milk can thus be assumed based on those measurements. 
That is, measurements taken from raw milk make it easy to infer 
component concentrations in both blood plasma and rumen juices and 
vice-versa, thereby biological information of milch cows can be 
obtained easily. 

EMBODIMENT 9 

[0148] Embodiment 9 is an example of measuring a plurality of 
component concentrations present in cow milk while giving 
perturbations combined with a plurality of measurements with 
different light path-lengths. Sample specimens injected in silica 
cells are analyzed by spectrometry in the first wavelength range 
from 700 nm to 1100 nm and the second wavelength range from 1100 
nm to 2400 nm. 

[0149] As long as the near-infrared light is, specifically, in 
the wavelength range of 700 nm to 1100 nm, even the near-infrared 
light has a transmission power of 10 to 100 times of that of long 
wave wavelength. And the light path-length may be 1 to 2cm with the 
near-infrared light in shortwave wavelength. Reasonable-price 
containers such as test tubes and the like may be used as substitutes 
for special silica cells. 

[0150] Therefore, using sample specimens injected in silica cells 
or test tubes in light path-length of 1mm, 4mm, and 10mm, the 
spectrometry can be conducted in shortwave wavelength range 700 nm 
to 1100 nm. 

[0151] After a sample specimen is injected in a silica cell 3 shown 
in FIG. 28(a) having a rectangular sample injecting unit 3A with 
a width of 1mm, predetermined light are irradiated in directions 
4 and 5 shown in FIG. 28(b) to set arbitrary light path-lengths. 
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By this way, light path-length of the same sample specimen is changed 
to 1mm, 4mm, and 10mm and sample specimens are measured with these 
different light path-length. This shows that as a light path-length 
increases, noise decreases and accuracy increases. 
[0152] The obtained spectra is analyzed by the PLS method and the 
cross-validation to obtain SECV (cross-validation error) which are 
shown in FIG. 29(a), (b) and (c) . 

[0153] FIG. 29(a) shows SECV in the measurement of FAT (fat 
concentration in the cow milk), FIG. 29(b) shows SECV in the 
measurement of PROTEIN (protein concentration in the cow milk) , and 
FIG. 29(c) shows SECV in the measurement of LACTOSE (lactose 
concentration in the cow milk) . 

[0154] Based on the result of Fat measurement as shown in FIG. 
29(a), SECV at the wavelength range 700nm to 1100 ran is 0.45 with 
respect to the light path-length of 1mm, while SECV in the wavelength 
range 700nm to 1100 ran with respect to the light path-length of 4mm 
and 10mm is 0.2. Therefore, it is found that accuracy measurements 
can be assured by increasing the light path-length in the short 
wavelength range 700 to 1100 ran. 

[0155] FIG. 29 (c) shows a result of the lactose measurement, where 
SECVs at shortwave wavelength of 700nm to 1100 ran and at long 
wavelength of HOOran to 2400 ran are both 0.09. Therefore, highly 
accurate measurement can be assured in the shortwave wavelength of 
700nm to 1100 ran. 

[0156] As mentioned above, because samples can be measured in 
shortwave wavelength range and with long light path-length, the 
determination with low noise and small error can be realized and 
ordinary test tubes may be used instead of special silica cells. 

[0157] It is also clear that highly accurate models can be obtained 
by measuring a variety of data with different light path-lengths. 

EMBODIMENT 10 

[0158] Embodiment 10 is an example of measuring fat concentration 
in the cow milk, where a sample specimen is injected in a silica 
cell of light path-length 1mm and light in wavelength range 500nm 
to 1000 ran is consecutively irradiated three times to conduct the 
spectrometry while applying voltage 10V as a perturbation (WAP) . 
[0159] The spectrometry is conducted by consecutively irradiating 
lights in the wavelength range 500nm to 1000 ran three times using 
the spectroscope manufactured by the Kubota Co. while applying 
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voltage of 10V using the "Milk Checker" (manufactured by the Oriental 
Instrument Co. ) for measuring electric conductivity of cow milk as 
a voltage applying means. As for a spectrometer, the other 
spectroscope (e.g. near-infrared spectroscope NIRSystem6500 
manufactured by the Nireco Co. ) may be used and it is not specifically 
limited to these. 

[0160] FIG. 30 shows the analysis where the obtained spectra are 
analyzed by a PLS method and cross-validation. FIG. 30 (a) shows 
analyzed a regression vector and FIG. 30(b) shows results of the 
analysis . 

[0161] FIG. 30(a) shows that the validation correlation (rVal) 
of Factor 10 when applying no voltage (Without EMF) is 0.98, and 
the validation error (SEV) at that moment is 0.204269. 

[0162] Factor 9 after applying voltage (After Applying EMF) reads 
rVal = 0.996256 and SEV =0.087212. With the measurement while 
applying voltage (In the presence of EMF) , Factor 9 reads rVal = 
0.997483 and SEV = 0.071528. 

[0163] That means, when the spectrometry is conducted while 
applying 10V voltage as a perturbation (WAP) , the validation error 
becomes one third, therefore it is found that models having three 
times accuracy can be obtained. 

[0164] As explained in the above-mentioned Embodiments 1 to 10, 
in the spectrometry method for measuring component characteristics 
in respective samples using light in the wavelength range of 400nm 
to 2500 nm, the spectrometry is conducted while giving water 
activating perturbations (WAP) to activate water existing within 
and/or around sample specimen by adding predetermined conditions 
to said sample specimen, and predetermined patterns of response 
spectra changing depending on respective components of said sample 
specimen are measured and analyzed by a spectral and/or a 
multivariate analysis, thereby enabling identification that has been 
difficult by the conventional methods and highly accurate 
measurements of component characteristics. And further detection 
of ultra-low concentration components and identification of 
components and/or real-time measurement of component 
characteristics can be realized. 

[0165] Further, the spectrometry method of the present invention 
has optimal prescribed perturbations (WAP) for identifying 
predetermining specimen components based on specimen components to 
be measured. The prescribed spectrometry conducted while giving that 
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prescribed predetermined perturbations enables easy measurement of 
predetermined specimen components. 

[0166] As mentioned above, the perturbations in the present 
invention are condition changes to induce physical or chemical 
changes in sample specimens, and they include repeated light 
irradiations, changes of sample specimen concentration, extension 
of irradiation time, electromagnetic force applications, light 
path-length changes, temperature changes, pH changes and pressure 
changes. Besides, changes of feed for cows shown in Embodiment 8 
are also included. Further, the physical or chemical changes induced 
in the sample specimen may be adding vibration, sound waves, and 
pressure. 

[0167] With regard to a simple type visible/near-infrared 
spectrometry device, a spectrometry device which can conduct the 
spectrometry by irradiating some specific wavelengths (Important 
wavelengths) satisfies the requirement because lights in the 
specific wavelengths (Important wavelengths) are important for 
determining or measuring the specific components of the sample 
specimens as mentioned above. Therefore, a visible/near-infrared 
spectrometry device 20 shown in FIG. 31 can be a simple device that 
provides the necessary functions needed for determining a specific 
component . 

[0168] Said visible/near-infrared spectrometry device 20 
comprises a perturbation giving means 22 for giving perturbations 
by adding predetermined conditions to sample specimen S2 contained 
in a sample specimen containing unit 21; an optical means 23 for 
irradiating said sample specimen S2 with visible light and/or 
near-infrared light in the wavelength range of 400 nm to 2500 nm 
or a part of that range and in specific wavelength ranges which are 
predetermined for that specific sample specimen S2; a detecting means 
24 for obtaining spectra of transmitted light, reflected light, or 
transmitted/reflected light from said sample specimen S2; and a data 
processing means 25 installed with a processing soft for performing 
predetermined spectral and/or multivariate analysis on the obtained 
spectra. Further the device may comprise a displaying means 26 for 
display a determination result which distinguished the measurement 
result . 

[0169] With the visible/near-infrared spectrometry device 20 of 
the above-mentioned construction, the spectrometry can be conducted 
by irradiating light in the specific wavelengths (Important 
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wavelength) which are appropriate to determine respective components 
and/or to measure the component characteristics, so that respective 
specific components can be easily estimated in short time. 
Furthermore, the visible/near-infrared spectrometry device 20 is 
constructed in such a way that simple determination and simple 
measurement of specific components can be realized by building up 
models to make it possible to determine respective components and/or 
to measure component characteristics. 

DESCRIPTION OF DRAWINGS 

[0170] 
[FIG. 1] 

A block diagram showing flow of a visible/near-infrared spectrometry 
related to the present invention 
[FIG. 2] 

A schematic diagram showing the characteristic portion of the present 
invention method 
[FIG. 3] 

A schematic diagram showing the characteristic portion of the present 
invention device 
[FIG. 4] 

A schematic diagram showing intensity changes of water molecule 
absorbance band 
[FIG. 5] 

A contour representing intensity changes of water molecule 

absorbance 

[FIG. 6] 

A chart showing synchronous changes of wavelengths 
[FIG. 7] 

Absorption spectra when bacteria in the sample are measured 
[FIG. 8] 

A diagram showing a CNS regression vector 
[FIG. 9] 

A diagram showing a CPS regression vector 
[FIG. 10] 

A diagram showing a CNS calibration line 
[FIG. 11] 

A diagram showing a CPS calibration line 
[FIG. 12] 

A diagram showing an calibration result of a cross-validation 
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analysis 
[FIG. 13] 

A diagram of three-dimensional plots of CNS and CPS based on a 1st 
principal component (Factor 1), a 3rd principal component (Factor 
3) and a 5th principal component (Factor 5) 
[FIG. 14] 

(a) A diagram showing a result of SIMCA analysis which seeks a 
interclass distance between CNS and CPS (b) A diagram showing a SIMCA 
determination result 
[FIG. 15] 

(a) A diagram showing a determination result of PrP, PrP(CU), and 
PrP(Mn) with the 1st principal component (Factor 1) and the' 3rd 
principal component (Factor 3), (b) A diagram showing a determination 
result with the 3rd principal component (Factor 3) and the 5th 
principal component (Factor 5), (c) A diagram showing loadings of 
respective principal components 
[FIG. 16] 

A diagram showing SMICA interclass distance among PrP, PrP (Cu) and 

PrP(Mn) 

[FIG. 17] 

A diagram showing a SIMCA analysis result with repeated illuminations 
[FIG. 18] 

A diagram showing a result of interclass distance when prion protein 
concentration is changed 
[FIG. 19] 

A diagram showing a regression vector when PrP and PrP(Cu) are 
determined by changing light path-length 
[FIG. 20] 

A diagram showing a result of determination of PrP and PrP(Cu) by 
changing light path-length, (a) A SIMCA analysis result, (b) An 
interclass distance, and (c) A determination result 
[FIG. 21] 

A graph showing SIMCA distances when determining prion protein while 
giving perturbations of different temperature 
[FIG. 22] 

(a) A diagram showing an calibration line when antigen concentration 
in the sample is measured, (b) A diagram showing a determination 
result by cross-validation, and (c) A diagram showing interclass 
distances by the SIMCA analysis 
[FIG. 23] 
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(a) A diagram showing an calibration line when measuring coffee 
granule diameter before dissolution, (b) A diagram showing an 
analysis result by cross validation 

[FIG. 24] 

Diagrams showing examples of determining granule diameter size (a) 
SIMCA distance when determining coffee granule, (b) SIMCA distance 
when determining sugar granule, (c) Correlation coefficient and 
validation difference when measuring sugar granule 
[FIG. 25] 

A diagram showing result of determination between msta and mstr with 
the 1st principal component (Factor 1) , the 2nd principal component 

(Factor 2) , and the 3rd principal component (Factor 3) when measuring 
bacteria in the sample 

[FIG. 26] 

(a) (b) Diagrams showing results of estimating cow milk component 
concentration based on blood plasma spectra of the cow, (c) (d) 
Diagrams showing results of estimating cow blood plasma component 
concentration based on milk spectra of the cow 

[FIG. 27] 

(a) (b) Diagrams showing results of estimating cow milk component 
concentration based on rumen juice spectra of the cow, (c) (d) 
Diagrams showing results of estimating cow rumen juice component 
concentration based on milk spectra of the cow 
[FIG. 28] 

Diagrams showing a silica cell, (a) An overall perspective view (b) 
A plan view 
[FIG. 29] 

Diagrams showing SECV when measuring a plurality of cow milk 
component concentrations, (a) SECV pf FAT, (b) SECV of PROTEIN (c) 
SECV of LACTOSE 
[FIG. 30] 

(a) A diagram showing regression vector Yl when measuring a fat 
concentration in the cow milk (b) A diagram showing a analysis result 
by the cross validation 

[FIG. 31] 

A diagram showing one example of a visible/near-infrared 
spectrometry device for determining component characteristics 

DESCRIPTION OF REFERENCE NUMBER 

[0171] 
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1 known sample 

2 new sample 

3 silica cell 

3A injection portion of the sample specimen 

4 irradiation direction 

5 irradiation direction 

10 visible/near-infrared spectrometry device 

20 visible/near-infrared spectrometry device (for specific 

components) 

LI boundary 

51 sample specimen 

52 (specific) sample specimen 



